We studied whether marking behavior in Mongolian gerbils would be innate or learned behavior. The marking behavior was defined as " animals rubbing their abdominal scent glands on small protruding objects". Between 21 and 90 days of age, Mongolian gerbils, which were kept under such conditions that they would be unable to learn this behavior, were observed at intervals of 5-15 days to find out if there were signs of the behavior or not. Six male and four female Mongolian gerbils were used for observing. Neonate Mongolian gerbils during the age of 3 to 28 days were fostered by ICR mother mice. Weaning Mongolian gerbils were then individually kept away from the others. Marking behavior was observed in 2 out of 6 males at 50 days of age and 2 of 4 females at 60 days and the mean frequency of the marking behavior for 10 min was 3.5 in the males and 5.0 in the females. These results suggest that marking behavior was innate and not learned behavior in Mongolian gerbils.
Introduction
Marking behavior in mature Mongolian gerbils is known as behavior in which the animals rub some secretion from their abdominal scent gland onto objects [5, [11] [12] [13] [14] [15] [16] . It is also reported that this behavior begins to be seen at the age of 76 days in males [8] , is more pronounced in males than in females [12, 14] , and depends on testosterone [5, 8, [11] [12] [13] [14] or estrogen levels [15, 16] . In the present study, we had ICR mother mice at 3 days after delivery nurse newborn Mongolian gerbils so that it might be obvious whether marking behavior in Mongolian gerbils is learned or innate, and we checked to see if this behavior occurred or not.
Materials and Methods
Procedure to prevent Mongolian gerbils from learning: Between 3-28 days of age after birth, newborn Mongolian gerbils were fostered by mother mice to produce the condition in which newborns were deprived of the chance to learn marking behavior. They were weaned from the mother mice at the age of 28 days and individually kept away from the others. The cages were surrounded with paper on all sides to exclude the influence of other gerbils. Inbred MGS/Sea Mongolian gerbils (Seac Yoshitomi., Ltd., Fukuoka, Japan) were used to obtain offspring. At the age of 3 days, newborn Mongolian gerbils were put in a cage with mother mice at 2-5 days after delivery and exchanged for some newborn mice. The mother mice nursed the Mongolian gerbils with their own newborn. The separated newborn mice were immediately euthanized. ICR mice (Charles River Inc. Kanagawa, Japan) were used for breeding when mature and crossfostered Mongolian gerbils. There were a total of 9-10 cross-fostered newborn Mongolian gerbils (3-4 Mongolian gerbils)/ one mother mouse in one cage. Six male and four female newborn Mongolian gerbils and three mother mice were used in the present study.
Experiment conditions: The animals were kept in an animal room with 22-26°C controlled temperature, 45-65% humidity and 14 hr of artificial light (light on at 5:00 and off at 19:00). Aluminum mesh cages (W40 × D26 × H23 cm) were used for breeding and housing. The Mongolian gerbils were fed MB-1 diet (Funabashi Farm, Co., Ltd., Chiba, Japan) and during the suckling period the Mongolian gerbils as well as the mice were given CA-1 diet (Clea Japan Inc. Tokyo, Japan). Water was always available. Body weights of the Mongolian gerbils which were fostered by ICR mother mice were determined at the age of 3, 7, 14, 21 and 28 days. After weaning, body weights were determined at 45, 60 and 90 days.
Observation of marking behavior: Marking behavior in Mongolian gerbils was observed at the age of 21, 25, 30, 40, 50, 60, 75 and 95 days. The observation method was the same as in the previous study [3] . Marking behavior was seen as behavior in which the animals rubbed their abdominal scent glands on small protruding objects. Metal net cages (W76 × D46 × H30 cm) were used for observing this behavior. A veneer board, on which there were two wooden protrusions (W2 × D1 × H1 cm) was placed on the floor. One Mongolian gerbil was introduced into the observation cage between 19:00 and 21:00 and the marking behavior was observed for 10 min under illumination with a red light (60 W). The frequency of the behavior in positive animals was averaged. After using the veneer board for one animal, it was cleaned with 70% alcohol spray and tap water, dried, and used for the next animal.
Statistical analysis: The results are expressed as means ± s.e.m. and analyzed using Student's t-test or Welch's t-test.
Results
Growth rate of the Mongolian gerbils (which were deprived of a learning chance): Changes in the mean body weight of both ICR mother mice nursing Mongolian gerbils and natural mothers are shown in Table 1 . Changes in the mean body weight of the litter were quoted in part from the previous study [3] for reference. In the fostered Mongolian gerbils, the body weight was 3.6 ± 0.1 g (Mean ± S.E.) at the age of 3 days for both sexes, 14.0 ± 0.7 g for the males and 13.8 ± 0.9 g for the females at 21 days, 22.0 ± 0.7 g for the males and 21.5 ± 1.3 g for the females at 28 days, and 72.5 ± 2.2 g for the males and 67.5 ± 1.4 g for the females at 90 days. On the other hand, in the natural mothers nursing Mongolian gerbils, the body weight was 3.8 ± 0.0 g for the males and 3.9 ± 0.1 g for the females at 3 days of age, 25.3 ± 0.4 g for the males and 25.0 ± 0.5 g for the females at 28 days, and 74.4 ± 2.7 g for the males and 64.0 ± 1.7 g for the females at 90 days. In observing when the newborns' eyes opened, as an external change, in the fostered Mongolian gerbils, one opened its eyes at the age of 16 days and the others at 18 days. On the other hand, in the natural Mongolians gerbils, all of them opened their eyes at the age of 15-17 days.
Observation of marking behavior: Frequency of marking by the Mongolian gerbils which were fostered by ICR mice and by those nursed by their natural mothers is shown in Table 2 . The results for the litter are quoted from the previous study [3] for reference.
In marking behavior, none of the cross-fostered Mongolian gerbils was observed marking at 40 days of age. It was seen in 2 of the 6 males and none of the 4 females at 50 days, 5 of the 6 males and 2 of the 4 females at 60 days, in all of both sexes at 75 days and in 5 of the 6 males and 3 of the 4 females at 90 days. The frequency was 3.5/10 min in the males at 50 days of age, 4.5 ± 1.0 in the males and 5.0 in the females at 60 days, 18.7 ± 4.3 in the males and 4.0 ± 1.1 in the Mongolian gerbils which gerbils which were nursed by were fostered by mice (g) natural mothers (g)
67.5 ± 1.4 64.0 ± 1.7 a) Male (Mongolian gerbils which were fostered by ICR mice: n=6, the Mongolian gerbils which were nursed by natural mothers: n=8), b) Female (Mongolian gerbils which were fostered by ICR mice: n=4, Mongolian gerbils which were nursed by natural mothers: n=7), c) Mean ± S.E.M. d) Day of weaning, e) Dates between 21-90 days of age are quoted from a previous study [3] . [3] .
females at 75 days, and 16.8 ± 4.0 in the males and 3.7 ± 0.9 in the females at 90 days. At the age of 75 and 90 days, there was significantly higher frequency (p<0.05) in the males than in the females.
Discussion
To prove whether marking is innate or learned, after observing whether or not marking behavior is seen under the conditions in which the animals cannot learn, if the behavior is seen, it can be innate behavior, but if not, it can be learned. In the procedure in which the animals cannot learn this behavior, there are 2 methods: destroying the five senses in Mongolian gerbils or depriving them of a learning chance by forcing other species to nurse them.
In the experiment on destroying the senses, there are two differences. In the first place, to destroy the senses in Mongolian gerbils is considered to be cruel; and in the second place, even if the behavior is not seen, it would not prove conclusively that the behavior was learned because there would be a decrease in the activity of Mongolian gerbils after destroying the senses. We therefore decided against conducting an experiment in which the senses are destroyed during the suckling period when animals have not learned this behavior. That is why we observed whether the behavior was seen in the Mongolian gerbils which were fostered by ICR mice that are known not to show signs of this behavior. We observed whether there was this behavior in the Mongolian gerbils which were deprived of the chance to learn from the others. The newborn Mongolian gerbils at 3 days after birth were put in the cage with ICR mother mice at 3-5 days after delivery and were fostered by these mice. After weaning, these Mongolian gerbils were individually kept away from the others. It is possible to observe whether the behavior occurs or not under the conditions in which Mongolian gerbils after birth are deprived of the chance to learn it. That is the reason why this study is suitable. In the present study, we came to the conclusion that whenever the behavior is observed in the Mongolian gerbils, it must be innate behavior. But concerning the present study, the following questions remained to be answered.
First, is it possible for ICR mother mice to nurse newborn Mongolian gerbils? The results of the study showed that it is possible. It is known that ICR mice nursed another species, Microtus arvalis Pallas [2] . Newborn Mongolian gerbils were put with newborn mice as soon as possible after birth so that the mother mice could easily accept them. And to keep the newborn Mongolian gerbils from being rejected because of their different smell, the newborn Mongolian gerbils were rubbed in mother mouse waste.
Second, can Mongolian gerbils which are fostered by mice grow as if their natural mother nursed them? Nevertheless, because the Mongolian gerbils were growing slowly growth, there seemed to be no very difference from the natural Mongolian gerbils at 90 days of age. The period of weaning in mice is at the age of 3 weeks when mice start to see and eat by themselves [7] , but in Mongolian gerbils these changes occur at the age of 28 days [6, 9] . In our opinion, the growth rate of the Mongolian gerbils which were fostered by ICR mice seemed to be slow after 3 weeks because the ability for nursing in mice decreased; at the age of about 17 days when mice start to eat by themselves, it is considered that mother mice no longer need to nurse, but after the Mongolian gerbils were weaned from the mice, the growth rate recovered.
The period of starting to show signs of the marking behavior was 10 days later than in the previous study [3] . We considered that this was caused by growth having been slow at the age of 21 through 28 days when the ability for nursing in the mother mice decreased; it is considered that the level of blood testosterone [5, 8, [11] [12] [13] [14] or estrogen [15, 16] contributed to the marking behavior, so the period of secreting these hormone could be late by being late in the growth rate. This growth rate recovered at maturity. In this study, however, frequency occurrence at the age of 50 days in both sexes was lower than in those of the same age in both sexes that were nursed by natural mothers in a previous study. This result indicated that a part of this behavior was induced by learning. At the age of 75 days, marking behavior in the males was of higher frequency (p<0.01) than in the males which natural Mongolian gerbils nursed [3] . The Mongolian gerbils which were used in this study bred normally and had offspring, even though they were much heavier than those used by Asano and Nakagawa [4] : -40 g at 56 days. But, there was no difference between our results and those in past references in the eye opening period [1, 10] . These results showed that the Mongolian gerbils in the present study grew successfully and we concluded that marking behavior is innate.
